Brassica carinata A. Braun (Ethiopian mustard) is an amphidiploid (genome BBCC) originating from a natural cross between B. nigra (L.) Koch (BB) and B. oleracea L. (CC) in north-eastern Africa. It probably derives from the Ethiopian Plateau, where wild forms of B. nigra have co-existed with cultivated forms of B. oleracea since ancient times (Tsunoda 1980) . Brassica carinata has a great potential as an oilseed crop in semi-arid regions, due to its better agronomic performance than other Brassica oilseed species under high temperature and low rainfall (Warwick et al. 2006) . However, breeding research on this species has been very scarce so far. In particular, no research has been conducted to develop molecular tools for trait breeding in B. carinata. Molecular research on B. carinata has focused exclusively on studies of genetic diversity within the species using RAPD (Teklewold and Becker 2006) and AFLP markers (Genet et al. 2005; Warwick et al. 2006) .
Introduction
Brassica carinata A. Braun (Ethiopian mustard) is an amphidiploid (genome BBCC) originating from a natural cross between B. nigra (L.) Koch (BB) and B. oleracea L. (CC) in north-eastern Africa. It probably derives from the Ethiopian Plateau, where wild forms of B. nigra have co-existed with cultivated forms of B. oleracea since ancient times (Tsunoda 1980) . Brassica carinata has a great potential as an oilseed crop in semi-arid regions, due to its better agronomic performance than other Brassica oilseed species under high temperature and low rainfall (Warwick et al. 2006) . However, breeding research on this species has been very scarce so far. In particular, no research has been conducted to develop molecular tools for trait breeding in B. carinata. Molecular research on B. carinata has focused exclusively on studies of genetic diversity within the species using RAPD (Teklewold and Becker 2006) and AFLP markers (Genet et al. 2005; Warwick et al. 2006) .
Simple sequence repeat (SSR, microsatellite) markers are widely used in molecular research and breeding of Brassica species because the markers are numerous, codominant, highly polymorphic and informative, technically simple, reproducible, and relatively inexpensive when primer information is available. Microsatellite markers have been developed from several Brassica species, including B. napus L., B. nigra (L.) Koch, B. oleracea L., and B. rapa L. (Plieske and Struss 2001; Lowe et al. 2002; Suwabe et al. 2002; Lowe et al. 2004 ). Several studies have demonstrated a high transferability of microsatellites from the focal species, in which they were identified, to other Brassica species or even to other related genera. Plieske and Struss (2001) (Burgess et al. 2006; Batley et al. 2007; Hopkins et al. 2007 ). Hopkins et al. (2007) (Westman and Kresovich 1998; Plieske and Struss 2001) . Since a greater number of markers are required for their practical use in B. carinata breeding, the objective of the present research was to evaluate the amplification, to determine the quality of the amplified products, and to characterize the genome specificity of a set of microsatellite primers from B. nigra (B genome) 
DNA extraction and PCR analysis
Total genomic DNA was extracted separately from young leaves of each line following Berry et al. (1995) . The final concentration of DNA was estimated by agarose gel electrophoresis and ethidium bromide staining, using known concentrations of Low DNA Mass Ladder (Invitrogen, San Diego, USA) as a standard. The working concentration of DNA was adjusted to 100 ng μL -1 . A set of 73 microsatellite markers (SSRs) randomly selected from those available from B. nigra (B genome) and B. napus (AC genome) (Lowe et al. 2004) were used. These species were chosen in order to cover the 3 basic genomes of the U triangle, which will enable the use of the transferred SSR markers both for intraspecific and interspecific breeding of B. carinata. The PCR reaction mixture (30 μL) contained 1 × PCR buffer, 1.5 mM MgCl 2 , 0.2 mM dNTPs (Invitrogen, San Diego, CA, USA), 0.3 μM of primers, 0.7 U of Taq DNA polymerase (BioTaq TM DNA Polymerase, Bioline, London, UK), and 50 ng of template DNA. For 17 SSR markers, PCR amplification was optimized by adjusting reaction mixtures to varying concentrations of MgCl 2 (1.5, 2.0, 2.5, and 3.0 mM), primers (0.4, 0.8, and 1.2 μM), Taq DNA polymerase (1 U) and DNA (25, 50, and 75 ng) . PCR reactions were run on a GeneAmp PCR System 9700 (Applied Biosystems, Foster City, CA, USA) under the same conditions described by Lowe et al. (2004) . Amplified products were sepa-rated on 3% Metaphor® (BMA, Rockland, ME, USA) agarose gels in 1 × TBE buffer with ethidium bromide incorporated in the gel.
Quality of SSR transferability
Amplification fragments were classified as microsatellite-specific products if they produced amplification products with a size similar (±100 bp) to that of the corresponding focal species (B. nigra or B. napus). Only these fragments were considered when evaluating the quality of SSR transferability. The microsatellite-specific products were classified into 4 classes based on signal intensity and ease of scoring: strong signal and easy score (+++); moderate signal but possible to score (++); weak signal and difficult to score (+); and no signal (-).
Cluster analysis
The SSR profiles generated by the amplification of the Brassica material using the B. napus and B. nigra SSR markers were scored visually. Complex banding patterns were especially observed in amphidiploid species, which made it difficult to assign alleles to loci. This excluded the use of allele-scoring techniques. Instead, the absence/presence of each polymorphic amplification product in each line was determined for each primer combination, and data was recorded in a 0/1 matrix, as described by Hasan et al. (2006) for the analysis of B. napus. The binary matrix was used to estimate Dice's (1945) similarity index, which is defined as: S = 2N ab / (2N ab + N a + N b ), where N ab is the total number of bands common in genotypes a and b; and N a and N b are the total number of bands present in genotypes a and b, respectively. The similarity matrices were subjected to a clustering method (unweighted pair group method with arithmetic averages, UPGMA) in order to construct the phenetic dendrograms. NTSYS-pc software (Exeter Software, Setauket, NY, USA) (Rohlf 1998 ) was employed to carry out these analyses. The same software was used to calculate the cophenetic correlation (r c ) of each phenogram obtained in this study, and Mantel's (1967) test to check the goodness of fit of cluster analysis to the matrix on which it was based. To test for significance, 1000 randomisations were used.
DNA sequencing
PCR products amplified with 4 microsatellite markers (Ni2-A12, Ni4-A09, Na10-F08, and Na10-H03) were sequenced in one individual per species. PCR reactions were performed as described above, and amplification products were assessed by electrophoresis on 2.5% agarose gels in 1 × TBE buffer and staining with ethidium bromide. Specific DNA bands were excised from the gel and purified by using the QIAquick Gel Extraction kit (QIAgen, Valencia, CA, USA). Purified PCR products were directly sequenced in both forward and reverse orientations at GATC Biotechnology (Konstanz, Germany), using the corresponding forward and reverse primers. nigra. Therefore transferability of B. nigra microsatellites was higher in the species carrying the B and/or C genomes, whereas transferability of B. napus microsatellites was higher in the species carrying the A and/or C genomes. Fifty-four out of 73 primer pairs (74.0%) amplified a microsatellite-specific product in the A, B, and C genomes. Microsatellite specificity was confirmed by sequencing amplification products obtained with SSR primers. In all cases, sequenced products contained the same repeat motif described by Lowe et al. (2004) for these microsatellites (Table 1) .
Results

Thirty
Very high-quality amplification in B. carinata was recorded for 52.8% of the specific loci from B. nigra microsatellites, compared to 66.7% in B. nigra and 63.9% in B. juncea. For the other species, the percentage of amplicons of maximum quality was considerably lower (Table 2) . Similarly, 59.3% of the microsatellites from B. napus produced strong amplification specific loci in B. carinata, compared to 62.8% in B. napus, 61.6% in B. juncea, 55.8% in B. rapa, and much lower percentages in B. nigra and B. oleracea (Table 2). The quality of individual microsatellitespecific loci produced by microsatellites from B. nigra and B. napus in the 6 species under study is reported in Tables 3 and 4, respectively. Eight B. nigra (BB) microsatellite markers revealed genome-specific loci, which showed good-quality amplification (+++, ++) only in their own species or in species carrying the B genome (Table 3) . Eighteen B. napus (AACC) markers produced specific loci with poor-quality amplification products (+) or no amplification (-) in B. nigra (BB). Among these markers, Na10-B01 amplified good-quality (+++, ++) products only in species with the A genome, and Na12-G05, and Na14-G08 only in species with the C genome (Table 4).
The 73 primer pairs from B. nigra (n = 35) and B. napus (n = 38) used in the analysis of the cultivated Brassica species showed polymorphisms, with a total of 357 alleles identified. Of these, 164 alleles were obtained with SSRs from B. nigra and 193 alleles were obtained with SSRs from B. napus. Cluster analysis was performed using the polymorphism data of the combined 2 sets of SSR markers. A dendrogram with a significant cophenetic value of 0.92 (P < 0.01) was obtained (data not shown). As expected, Brassica species were grouped according to the 3 diploid genomes (A, B, and C). The diploid species carrying the A genome (B. rapa) was closer to that with the C genome (B. oleracea) than to that with the B genome (B. nigra), differentiating the Nigra lineage and the Rapa/Oleracea lineage.
Discussion
In spite of the great potential of SSR markers, they have not been used so far in B. carinata research and breeding. Accordingly, one of the main objectives of this research was to determine the feasibility of transferring high-quality SSR markers to B. carinata. The majority of the B. nigra and B. napus SSR markers tested in B. carinata showed specific SSR amplification products of the expected size. The product specificity was confirmed by sequencing a number of amplification products in the 6 Brassica species tested. These products showed the same SSR motif found in the focal species, although the number of repeats differed between species. Suwabe et al. (2002) compared nucleotide sequences of one B. rapa SSR amplified in the 6 Brassica species of the U triangle and found also differences in microsatellite repeat number among species, which has also been described for SSR cross-species amplification in other crops, such as pulses (Gutierrez et al. 2005 ).
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